An analytical system for a one-step immunoassay has been constructed using the concept of immunochromatography. The system employed two different antibodies that bound distinct epitopes of an analyte molecule: an antibody labeled with a signal generator (e.g., colloidal gold), which was placed in the dry state at a predetermined site on a glass-fiber membrane, and another antibody immobilized on the surface of a nitrocellulose membrane. Three membranes, one with the tracer, one with immobilized antibody, and a cellulose membrane as the absorbent of medium (in a sequence from the bottom), were attached to a plastic film and cut into strips. Aqueous medium containing analyte absorbed from the bottom end of the immunostrip dissolved the labeled antibody, and the antigen-antibody binding complex formed was transported into the next nitrocellulose membrane by the flow caused by capillary action. The complex subsequently reacted with the immobilized antibody, which generated a signal in proportion to the analyte concentration. The convective mass transfer of the immunoreactant to the binding partner allowed the assay to be performed with no handling of reagents. The reaction, however, was carried out under nonequilibrium conditions, which resulted in decreased sensitivity as compared with assays performed in an equilibrium mode (e.g., ELISA). To minimize such sacrifice, major factors that control system performance were identified and the system was then devised under optimal conditions.
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For the past 40 years, utilization of most immunoassays has been confined to laboratories equipped with tools and devices for analysis, and analysis has been controlled by skilled persons. However, instantaneous examination of changes in one's own physical symptoms or health status is increasingly preferred. Selftests performed at home may be an integral part of future health care systems (1) . In fact, the market expansion of home-version diagnostic kits in developed countries, typically in the United States, far exceeds the average for overall in vitro diagnostic products. The first commercially successful kit was the pregnancy test based on the rapid detection of human chorionic gonadotropin in urine by simply adding urine to the test kit (2) .
The convenience and speed of the test have been achieved by a novel concept of immunochromatographic assay which depends on the transport of a reactant to its binding partner immobilized on the surfaces of the membrane (1, (3) (4) (5) (6) . The transfer is induced by the capillary action of aqueous medium through membrane pores and, hence, also separates the unbound reactant from the binding complex formed at the liquid-solid interface. Immunochromatographic assay not only accelerates the analytical procedure but also provides a means for performing the test without the handling of reagents, i.e., allowing a one-step assay. Therefore, the assay may be carried out at the sites where the specimen is collected rather than at a specialized location.
In this article, we describe methodologies needed in manufacturing the immunoassay kit from the preparation of each component to the stabilization of the system constructed. Because the concentration range to be monitored is usually varied according to target analyte, we propose methods for controlling the extent of detection on the basis of experience. Alternative approaches overcoming potential problems that may arise in arranging variable components for different systems are also provided.
DESCRIPTION OF METHOD

Configurations of Immunochromatographic System
Systems based on immunochromatography can be constructed for both qualitative and quantitative analyses (see Fig. 1 for different configurations) . Because the analytical system was initially developed for onsite determination of pregnancy (2) , it has been devised as an on/off format without adopting a signal detector. In the model in Fig. 1A , two antibodies binding distinct epitopes present on an analyte molecule are used: one (detection antibody) labeled with a signal generator (e.g., latex beads (3, 7), gold colloids (8, 9) ) and the other (capture antibody) immobilized onto solid surfaces. The labeled antibody is placed in a dehydrated state within a glass-fiber membrane such that the binder can be instantaneously dissolved on contact with an aqueous medium containing analyte; i.e., the substance to be measured. The antibody then participates in the binding reaction to form a complex with the analyte in the liquid phase. This complex moves forward continuously until it is eventually captured by the antibody immobilized on the surfaces of the nitrocellulose membrane. The membrane provides a uniform pore and, thus, a liquid-solid interface for reproducible antigen-antibody binding. An additional antibody specific to the detection antibody can be used to produce a control signal. The two membranes with immunoreagents are cut into strips and are contiguously attached in length (Fig. 1A) , and a cellulose membrane is located at the top to induce a continuous wicking that enables the immune complex to be pulled to the immobilized antibody. A color signal can be read within 10 min, and the intensity determines the amount of analyte.
Alternatively, the color can be quantified by optical density using a sensor based on scanning photometry (7, 9) or charge-coupled device (CCD) (10) , and, therefore, the immunostrip is also capable of assessment of analyte concentrations. This type of application may require certain modifications of the immunoassay system such that the site of signal generation be expanded to gain reproducible, sufficient increment of color in dose responses. The detection site can be allocated as a square membrane (approximately 5 ϫ 5 mm) with the capture antibody coated on the surface (Fig. 1B) . The detection antibody-analyte complex formation is enhanced by inserting a reaction pad between the glass strip and the capture membrane. We have found that the complex density was directly proportional to the length of the reaction pad as well as the number of pads even if total length was kept constant. The pad could also be used for the immobilization of antigen (i.e., analyte; refer to Fig. 1C) , by separating the unreacted labeled antibody from the immune complex formed. Such action of the antigen pad in the analytical system makes the slope of the dose-response curve steeper but the sensitivity decreases. This results from the competition between the fixed and free antigen for binding to the labeled antibody. For a certain analyte that distributes within a narrow concentration range, the varied pattern of the dose-response curve might be necessary for accurate evaluation of unknown samples.
Besides analysis, the concept of membrane immunochromatography can be expanded to in situ fractionation of chemical species. Transport of a specimen mixture through membrane pores may lead to the complete separation of analyte from other interfering substances provided a suitable antigen-antibody reaction system is employed. We have demonstrated isolation of single-class plasma lipoproteins based on the immunological method associated with streptavidinbiotin capture technology, and the lipoprotein cholesterol was consecutively quantified on the same strip without handling of reagents (11) .
Antibody Coupling to Signal Generator
Labels that do not require additional procedures (e.g., enzyme reactions) for signal generation are preferred in one-step chromatographic assay. Latex beads made of organic polymers comprising dyes of diverse colors have been conventionally used as signal generators in a rapid assay (3, 7, 12, 13) . Bead size in a range from several nanometers to hundreds of micrometers are commercially available. Attachment of antibody to the bead surface can be accomplished by either physical adsorption or covalent binding depending on the exterior property and the presence of a functional group (mostly an amino or carboxyl group). Another label in an extensive spread is gold colloids that can be (14, 15) . According to different reducing agents and their concentrations, the particle size produced varies between approximately 1 and 100 nm-the larger the size, the higher the signaling efficiency. For conjugation, immunoglobulin is directly adsorbed on the particle surfaces, mediated mainly by London-van der Waals force and hydrophobic interaction. Liposome is also another potential marker for the assay (16, 17) . The lipid envelope containing dye molecules or other tracing substances releases them after disintegration by detergent and, thus, generates an amplified signal. Antibody can be linked to liposome particles by covalent binding.
With colloidal gold as an example, labeling of detection antibody can be performed with high reproducibility under predetermined conditions. The colloids are formed in solution by virtue of a balance between electrostatic repulsion and London-van der Waals attraction among each particle (18, 19) . However, on addition of ionic substances (e.g., NaCl), the attracting force becomes greater than the counteraction, which leads to an aggregation accompanying a color change from red (maximum absorbance at 520 nm, A 520 ) to blue (at 580 nm, A 580 ) (20) . This instability can be prevented by coating the colloidal surfaces with protein molecules such as immunoglobulin. Optimal conditions of pH and antibody concentration for the coating can be determined by measuring the differential absorbance, i.e., A 520 -A 580 (Fig. 2) . For goat antibody, a peak A 520 -A 580 was obtained in the pH range 9 to 10 ( Fig. 2 , upper panel). In general, a protein maximally adsorbs on the gold surface at the isoelectric point (pI) of the molecule or 0.5 pH unit higher (18, 19) . In contrast, there is a minimal antibody concentration (approximately, 100 g/mL in Fig. 2 , lower panel) that can stabilize the gold particles.
The performance of the tracer depends on external chemical properties of gold particles in addition to the affinity of the detection antibody. Since the residual gold surfaces, after binding to immunoglobulin, cause an interaction between the particle and solid matrix as well as the colloids themselves, they should be covered with an inert substance (21) . Different substances create variable chemical environments (such as charge distribution on the outside) that may control the degree of nonspecific interactions of the gold colloids. For instance, casein as a blocking agent produces a dominant negative charge at neutral pH, whereas gelatin produces net positive ions. On the contrary, bovine serum albumin and polyethylene glycol produce conditions of neutrality without net charges. In our experience, casein in many immunoassay applications yielded the highest signal-to-noise ratio as a consequence of background suppression (22, 23) although distinct systems may demand separate optimal conditions.
Preparation of Membrane with Immobilized Antibody
The capture of the labeled antibody-analyte complex for signal generation can be achieved with the antibody immobilized in a defined area of nitrocellulose membrane as mentioned. Two immobilization methods widely used are physical adsorption and chemical binding. The membrane is hydrophobic and, thus, lends itself for protein adsorption that is carried out by simply transferring the antibody solution onto the surface (9) . The method, however, allows neither a firm immobilization of antibody on the solid surface during incubation procedure nor proper orientation of the antibody molecules for complex formation with antigen. Potential dissociation of the binder can be corrected by using covalent immobilization (24, 25) . Crosslinking reagents such as glutaraldehyde (26, 27) , the simplest form, may offer stable coupling of the immunoreactant to the membrane surface. This has been accomplished by physically coating the reagent in a monolayer, removing the excess chemical, immobilizing immunoglobulin, and inactivating the remaining functional groups. Adjustment of the positioning of the binder molecules is feasible by means of site-directed immobilization via chemical modification of the carbohydrate chain (24, 28, 29) . Covalent binding of antibody is particularly beneficial if a detergent has to be used as the blocking agent of the residual surfaces. The chemical blocker is known to readily dissociate the antibody molecules physically adsorbed (30) .
Accumulated data in our laboratory showed that immobilization of antibody directly to different membranes (i.e., pore size, manufacturer, or fabrication process) produced a large variation in the protein binding capacity. This could give rise to problems in controlling qualities for quantitative analytical systems. However, these problems have been overcome successfully by introducing a monolayer of mediator (e.g., protein, homopolyamino acid) underneath the antibody coating. Various surface modifiers can be used for distinct patterns of signal generation (see Fig. 3 ) that are closely related to the detection mode desired. When glutaraldehyde was used as a crosslinker for chemical immobilization, the signal density was directly proportional to the number of functional amino groups available on the modifier molecule. For instance, polylysine gave a signal concentrated in a confined region of the signal pad (Fig. 3, left) , whereas casein with fewer amino groups exposed to liquid medium resulted in a weak color dispersed over the entire surface (Fig. 3, right) .
The intensity of signal as a response to an analyte concentration can be controlled by adjusting the concentration of antibody added. Since the antigenantibody reaction is a dynamic, equilibrium process, the immune complex formation increases in proportion to the number of accessible binding sites on the surface (25, 31) . As the amount of antibody introduced increases, the complex density soon reaches a maximum and remains approximately constant thereafter, although the antibody molecules immobilized continue to increase (31) . Immunoglobulin that does not participate in the reaction may only contribute to the development of the noise, i.e., the background color at zero dose of analyte, as a result of nonspecific interaction between the antibody molecules immobilized and those labeled (32) . Because the signal-to-noise ratio is an essential indicator of system performance, there should be an optimal concentration of antibody for a given immunoassay system.
The noise produced because of the presence of the surplus antibody can be further regulated after fabricating the signal pad. The causes of the background signal are typically cross-reactions between the two antibodies, used for capture and detection, and the nonspecific binding as mentioned. The cross-reacting molecules are usually eliminated prior to use by purging them in an appropriate affinity chromatographic column (33) . The nonspecific binding produced a molecular contact for interaction (22, 32) and, thus, a process inducing a structural modification of the immobilized binder may be effective for diminishing the level of discord. Treatment with thermal energy (baking) can selectively alter the structure while minimizing impairment of the paratopes of antibody (Fig. 4) . The process time of membrane baking can vary according to the character of the substance and its concentration left within the membrane pores after desiccation. If the substance stabilizes the protein against heat, optimal baking time would be extended in proportion to the concentration (see the effect of arginine in Fig. 4 ). On the contrary, when the material is less protective of immunoglobulin from the heat energy, the handling time may become too short to control the effectiveness reproducibly (e.g., methylcellulose as shown in Fig. 4 ).
Chemical Settings Guiding Antigen-Antibody Reaction
The binding reaction between antigen and antibody can be enhanced by optimizing chemical environments, such as acidity and ionic strength, to which the immunoreactants are exposed (34, 35) . These chemical factors may balance the charge state of protein molecules and, thus, increase the degree of interaction between the reactants. In the chromatographic assays, the factors adjusted can also accelerate the transfer rate of the migrating components through the membrane pores, the surface of which is usually coated with an inert protein (e.g., bovine serum albumin and casein) to minimize undesirable nonspecific binding. The process of transport brings about the formation of encounter complex, the step prior to the binding reaction with the immobilized immunoglobulin (36) . We furthermore found that an appropriate buffer ion can intensify the binding although its concentration and acidity remain constant (8) .
To further direct the reaction, agents protecting the immunocomponents from nonspecific binding are added to the medium carrying analyte (22, 37) . Typically, an inert protein alone or in the combination with a mild detergent such as Tween 20 is used. The agents may not only block adsorption sites on the solid surface, but also interact with the reactants to produce proper antigen-antibody binding at the liquid-solid interface. This implies that analytical systems consisting of different constituents could require various settings of inert protein for each assay. Inert proteins most often used for immunoassays are casein (or in the form of nonfat dry milk), bovine serum albumin, gelatin, and ovalbumin (37) . In certain systems, nonprotein agents such as polyvinylpyrrolidone and polyvinyl alcohol have been used.
Design of Immunochromatographic Assay System
A highly sensitive chromatographic system is desirable particularly for monitoring analyte present in trace concentrations within samples. Because the analyte molecules are recognized by forming the binding complex with antibody, a decrease in the detection limit is achieved only by an increase in the reaction yield. With the immunoreagents given, the reaction in an assay can be increased by properly designing the analytical system, for instance, by rearranging the system constituents prepared, adjusting their relative amounts, introducing a novel functional pad(s), and selecting the pad materials and dimensions. The scale of these design factors is variable depending on the assay performance required for analyzing different compounds.
To achieve high sensitivity, the minimum concentration of analyte detectable should be reproducibly measured by a signal distinguishable from the background, i.e., noise at zero dose of analyte (38) . The signal-tonoise ratio, thus, may represent the assay sensitivity that can be modulated by either enhancement of signal or suppression of noise. Because the antigen-antibody reaction is an equilibrium binding reaction, the magnitude of the signal relies on the concentration of each reactant. The signal can be amplified by increasing either of the two antibodies for detection and capture, but it soon reaches a higher limit. Thereafter, the background signal also develops due to interactions between protein molecules as described. In determining the optimal concentration of each antibody, we have used a strategy in which the capture antibody is first immobilized at a particular density on the predetermined site of membrane, and the labeled antibody is then varied to retain a maximum signal-to-noise ratio. Deviation in the immobilized antibody density is relatively high even with a minute change in experimental conditions, and the amount of detection antibody can be accurately controlled by transferring a metered volume (8) .
Because of the demand for a characteristically short assay time, immunochromatography is driven by nonequilibrium conditions (8) , and the time assigned for the antigen-antibody reaction, as a consequence, becomes a controlling factor in forming the binding complex. To tune up system performance without a significant change in total assay time, we suggest two physical modifications: (1) variation of the thickness of glass pad on which the labeled antibody is deposited in a dry state and (2) installation of an additional reaction pad (see Fig. 1B ). In an immunostrip (Fig. 1) , the analyte-containing medium absorbed from the bottom end of the glass pad instantaneously dissolves the labeled antibody, and transfers the mixture into the nitrocellulose membrane connected in the upper position. Since the flow rate in the nitrocellulose membrane is much slower than that through the glass pad, the material transfer to the upper compartment is the rate-limiting step. This permits the formation of binding complex between the labeled antibody and analyte in the void space of glass fibers. Although a larger volume of the pad would result in a longer reaction time, it may be counteracted by a reactant dilution causing a decreased signal and also an unacceptably long assay (8) . Alternatively, an additional spacer for extending the reaction time can be built in between the glass pad and the membrane for signal generation as described above. The pad length should be balanced toward both the signal intensity and the test time.
Thermal Stabilization
The shelf-life of fabricated immunostrips is determined primarily by the stability of antibody molecules which tend naturally to be inactivated by thermal energy. The inactivation rate depends directly on exposure temperature (37, 39) , and it is important to investigate a method of protein stabilization and to estimate the shelf-life of the strip, i.e., the duration for maintaining 90% of the initial activity.
Because the inactivation of immunoglobulin is caused mainly by a change in the structural conformation during dehydration and storage, its prevention can be accomplished by handling the molecules in the presence of a stabilizer (37) . In general, functional proteins with an added stabilizing agent, such as bovine serum albumin or casein, can be protected from various damaging factors (e.g., free radicals, proteolytic activity, heavy metals) remaining in the environment. Similar effects are also obtained by using animal serum (or human serum) and amino acids (40, 41) . When protein is dehydrated, water molecules that were incorporated within the protein structure are dissociated, inducing structural instability in the protein (42) (43) (44) (45) . This may be overcome by replenishing the sites with sugar molecules such as trehalose and sucrose.
The immunostrips treated with various potential stabilizers produced significantly different signals in their intensities (Fig. 5) . The order of substances showing higher stabilization was sugars, amino acids, and sera. In particular, a disaccharide, trehalose, furnished adequate protection of protein against heat under the conditions used. When a protein is desiccated in the presence of trehalose, water molecules bound to the protein structure by hydrogen bonding evaporate and the sites are then replaced by the sugar to maintain an intact confirmation (42) (43) (44) (45) . If the evaporation proceeds further, trehalose in solution turns to a form of syrup with high viscosity and then to a viscoelastic state. At this point, continual drying induces a phase change of the sugar to a glass state so that the protein molecules are surrounded by trehalose crystals, preserving them from thermal energy (46, 47) . The stabilization effect was not significantly improved by using trehalose in combination with other substances (e.g., amino acids).
Optimal concentrations of trehalose reconciled with the wicking rate of medium were 3% for the immobilized antibody and 24% for the gold-antibody conjugate lyophilized within a glass-fiber membrane pad. Under these conditions, the immunostrips were examined for shelf-life by performing thermal acceleration tests at a high temperature (Fig. 6) . If the strips constructed with trehalose were exposed to 60°C, acceptable activity, i.e., higher than 90% of the initial activity, was retained for 21 days (Fig. 6, trehalose) . This contrasted with the strips prepared in the absence of the sugar, which were active only less than 1 day (Tris). By comparing the result of stabilization with that reported (48) , the shelf-life in the presence of trehalose is equivalent to approximately 2 years at room temperature.
CONCLUDING REMARKS
An immunochromatographic assay system can be constructed in the laboratory by preparing two major components, the detection antibody labeled with a signal generator and the capture antibody immobilized on the surfaces of NC membrane strip, arranging them under optimal chemical and physical settings, and finally preserving immunoglobulin in the presence of stabilizers. The detection capability of such constructed membrane strips can be varied by changing: (a) the concentrations of the two antibodies, (b) the agents for blocking residual membrane surfaces, (c) the chemical composition (e.g., buffer ions and protective substances against nonspecific binding) of the aqueous medium, (d) the dimensions of the tracer-releasing membrane, and (e) the introduction of a time-delay pad for the antigen-antibody reaction. Even after assembling the system, the performance can be corrected by structurally modifying the antibody molecules by applying thermal energy.
The analytical method is applicable to many different fields of diagnosis requiring immediate, on-site examination. Its medical utilization includes a large group of target analytes (e.g., hormones, protein indicators, infectious factors) that can be measured either   FIG. 5 . Thermostability of the capture antibody immobilized on membrane surfaces in the presence of various potential stabilizers. Stabilizers selected were two kinds of serum (human and rabbit), two amino acids (glycine and lysine), and two disaccharides (sucrose and trehalose). Their stabilization effects after thermal treatment were compared with results obtained without stabilizer (negative control) and before the treatment (positive control).
FIG. 6.
Thermostability of the analytical system composed of membranes with immobilized antibody and freeze-dried antibody-gold conjugate. The system was constructed under optimal conditions (trehalose) and its performance toward stability at 60°C was compared with that prepared in the absence of trehalose (Tris).
in a doctor's office or at points of care such as an emergency room and the patient's bedside. If determination of an analyte concentration is required, the assay system based on immunochromatography can be combined with a detector that is capable of precisely quantifying the binding complex formed as a result of the test, although the system is commonly fabricated in a stand-alone format. Environmental monitoring is another potentially large area for using immunoassays including detection of noxious substances such as pesticides, insecticides, and bacteria in drinking water. Likewise, food contaminants are also analytes demanding instantaneous measurement using the same assay protocol.
MATERIALS AND METHODS
Materials
Heat-killed Salmonella typhimurium (5 ϫ 10 9 cells/ mL, positive control) and polyclonal antibody (affinitypurified, from goat) specific to the bacteria were purchased from Kirkegaard & Perry Laboratories (Gaithersburg, MD). Colloidal gold (20 nm in diameter, 0.01% w/v), casein (sodium salt, from bovine milk), trehalose, sucrose, glycine, lysine, poly(L-lysine bromide) (PLL), and glutaraldehyde were obtained from Sigma Chemical Company (St. Louis, MO). Nitrocellulose (NC) membrane (5-to 8-m pore size) and cellulose membrane (grade 3MM chromatography) were supplied by Millipore (Bedford, MA) and Whatman (Singapore), respectively. Glass-fiber membranes (G6 grade with 0.32-mm thickness) were purchased from Fisher Scientific. All other reagents used were of analytical grades.
Construction of Quantitative Immunomembrane Strip
The membrane strip system was devised by using two major components: the gold-antibody (specific to S. typhimurium) conjugate and NC membrane with immobilized antibody. The gold conjugate synthesized in this laboratory (8) was placed at a site 20 mm from the bottom of the glass-fiber membrane (5 ϫ 30 mm) that had been prepared by washing with deionized water, soaking in 0.5% (w/v) casein solution containing 0.1% Tween 20, and drying at 37°C. A reaction pad (5 ϫ 15 mm of 8-m NC membrane) was made by following the same protocol as for the glass membrane without the conjugate. To prepare antibody-immobilized membrane, 10 L of 1 mg/mL PLL in 10 mM carbonate buffer, pH 9.6 (or 0.5% casein in 10 mM phosphate buffer, pH 7.4), was added onto the NC membrane (8 m, 5 ϫ 7 mm), incubated within a humidity box for 1 h, washed with deionized water, and dried. This membrane was activated in 0.5% glutaraldehyde solution for 1 h and washed again. After drying, 5 L of 0.5 mg/mL antibody to Salmonella was transferred onto the treated membrane and incubated within the wet box for 1 h; the residual surfaces were blocked in 100 mM Tris buffer, pH 7.6 (Tris), containing 0.5% casein (0.5% casein-Tris) for 30 min, washed with Tris with 0.1% Tween, and dried. Four membrane pads for the gold conjugate, reaction, immobilized antibody, and absorption (5 ϫ 30 mm) were partially superimposed in length and attached to a plastic film using double-sided tape (see Fig. 1B ). Such an integrated system was used in analyzing Salmonella cells diluted to standard concentrations with phosphate buffer containing 140 mM NaCl and 0.1% casein.
Test of Potential Thermostabilizers
To preserve an immobilized antibody in the dry state, the following potential stabilizers were selected to examine their abilities: sera (from human and rabbit), amino acids (glycine and lysine), and saccharides (trehalose and sucrose). Polyclonal antibody (2.5 mg/ mL) specific to Salmonella was transferred in a line pattern on a NC membrane strip (5 ϫ 20 mm) and incubated at 37°C for 1 h within a box maintained at 100% humidity. After the residual surfaces were blocked in 0.5% casein-Tris, the strips were washed in Tris comprising different stabilizers and then dried at room temperature for 1 h. These prepared membranes were placed in a desiccated 60°C incubator (JeioTech Model VO-10X, Korea) and treated for 3 days. The activity of the antibodies on each strip was tested by using them to fabricate immunochromatographic systems as shown in Fig. 1A (8) . Salmonella cells diluted to a standard concentration (1 ϫ 10 7 cells/mL) with 0.1% casein-Tris were used as sample. The assays were completed within 15 min and color signals produced were quantified by means of an image analyzer system consisting of a scanner (Epson Model GT-5000, Singapore) and a computer program (2D Archives Programs, Advanced American Biotechnology, Fullerton, CA) that converted the signal to optical density (8) .
Thermostability Test of Immunostrips
Major components of the immunostrip were prepared under the respective optimal conditions and its thermostability after integration was kinetically measured at a high temperature. NC membrane with the immobilized antibody was soaked in Tris containing 3% trehalose and dried at room temperature. The detection antibody labeled with colloidal gold (8) was prepared in 0.25% casein-Tris with 24% trehalose, added onto a glass fiber membrane, and immediately lyophilized in a freeze-dryer (Eyela Model FDU-506, Japan). The membranes were treated at 60°C in the incubator for predetermined time intervals and subsequently used to construct the analytical systems. Assays were performed with the standard sample of Sal-monella. To compare thermostabilities, the identical procedure was repeated in the absence of trehalose.
